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(54) LASER BEAM MACHINING METHOD AND LASER BEAM MACHINING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam machining 
method capable of cutting a machining object without developing a 
crack, deviating from the predetermined line for welding or cutting 
on the surface of the machining object, and accurately. 
SOLUTION: A reforming area is formed in the machining object by 
radiating a pulse laser beam L onto the predetermined line 5 for 
cutting under the condition of causing multiple photon absorbtion, 
and making a condensing point P agree with the inside of the 
machining object 1. By splitting the machining object 1 along the 
determined line 5 for cutting, the machining object 1 can be cut 
with a comperatively small force. Since in the irradiation of the 
laser beam L, the pulse laser beam L is scarcely absorbed on the 
surface 3 of the machining object 1, the surface 3 is not melted, 
caused by the formation of the reforming area. By adjusting the 
position of the condensing point P of the pulse laser beam L in the 
thickness direction of the machining object 1, the position of the 
reforming area in the thickness direction of the machining object is 
controlled. 
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(54) [&wozm v-^ttmBatv~*?mx&m 

(57) 

65t'*tfc«Ux4«* C * C <t < „ frOftaKttXKfc* 
[<B*3M5] £jfe^i»ite£&c£l*££<*T?j!>>-Dft]X 

aaa 1 a>n«f::ft*&P£*:bit-T , /<;ux u— if&L 

ia>n«l=»IC1B««»AL-C^«. 3tM«ia*fijSi: 
LTttlKTJfcv-f > 5 lcjGo-CADX*t§M& 1 ««« c t 
. I- J: M . JtS6<)/h*<c*-CJinx^flfeii 
*<-e£*. u— tfjfeLoDfigitizfcL^T. inxa*ttia> 

3 "e(±/<;i/X U— *f3fcLA<IS t A, if qSflR 
■C. aHfiia»jaA<JSHT?*iH3A<5Si»-r-5±tl±>6: 




-1 



^7o ; ^7^\ 



Da 5, 9 



r\ P. 
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Jraxsjgfc&i- u— * **Blfr"« c <t let y „ fltrlBinx 
u— tfjax^^,, 

^*lS|l3fc^Tfl5IHJ?^<D*^<oaSJ; yMEAStSt- 
ft. 

6*>-t*TBEJnxsB*i= u-if 3fe^figlt-r .* c <t iz * 
y, KriHaDxwatKDWBf^^-rxzj&prstriHftix 

1Ilt, 20 

1PISHSB 1 H». u— ^ittom^^lHUnx^fea) 
e^isiicfcLxrMism 1 x^irfcit* is—tfftnmat 
&e i n& §tes r^ftSBftix^^cD gpi-^-a- rsir 

EiOX»*Bi:: u— tf3fe*Mlfr-5c:i:lcj:y, fflfBftJ 
x*tsi«!ia)f6<D«jWr : ?^^-i' >i^»orKrlEJiPx*t#.«a 

•<t a. fts^-r * 5 izr*f&Tt *m 2 is t . 

fflrlBttX^^roU— if3fe<7)ASta©]l=ffJfi)c-r-5. f§3fc 30 
JS 3 E«£a> u— +f Aax;£;£ 0 

u— y s 3fe<D^3t^icfci+i,e— ffig*<i 

x i o 8 (W/cm*) JU±-CfcoT/<;uxffi*<1 ^sKlTt 

x 1 08 (W/cm2) mJzT-feo-C/^UXi|6A<1 A/slilTi: 40 
■fi^t lr<fc y , BEAff l=&BaBBtt£dt.nttESl 

s««*»fiE-rs. ~4(OLN-rtL*\iriae<ou 
— tfinx^So 

u— tf*©**jai=tert*e— »*3&<i' 

x.l o 8 (Ill/cm*) El±T-fc-oT/^UX$SA<1nsJilTi:-r 
Sctt^y. ttEAttf=BSr¥4<£1bLfeBtt-|*&« 
B«r*Xft:«J««dt7«riBacKfR««»A-r«« B*B 
1 ~4<0lvr*u!)M::fB®<DU— -tfiQl^iS. 
[H#Jg8] BEinx»B1fcl=Blt*:K*U— 50 



*#j&<DlltrEJ5**ffif=fcl+*ttS<nHfln*. 
BEftlX*tB&f::Bltd*l« L — -*f%0>£%jSOBEB 
*Afll=fctt*WB©ttB*BEA»B*&*rEl*l»* 

"p<osgst<t «r!e«E«i*ffiriHJHix»ai«Bi=is«**t4 
BEB*«af=£i*smBAixttBB«)tB$tn 

BE*ixttBBicB4t&*i« l>— tUTEA 
Stffi !={&B * i* -5 © l=»»«EBB»*3S B 1= fc 1+ 3«TE 

jnxa*«Ko<fi<offlaM»B6B©T-^ $B*-*-«tta> 

lWBBa>*»fl4BBB©T— * icg-3iN-cffrEinx**fi 
B*BEB**fil.l=B»MI=»»***B«xB'i. 
BEBttXStt. MEfifcfM^SbgOTT-* l=»-3l^T 
BEloxttBB€mEB*:&AI=tittttl=»tt$-&«« 
ro^iSx^i:, 

So 

Cif 9 ] /<JUX(BA< 1 sETFO)/ tlUX U— if 3te 
*(B»T*U— «f3fcBfc, 

ME U— tf jfcSfr t> ffiSt**Lfc/^UX U— ■*fft<Dmiftjk 
©tf— */*«7— x i o 8 (W/om2) JgUtlrfc-SJ: 

*DX*f jfc«s«)«IBr 7 -f >l=j» o T«riB«3fc^SI= «fc 
y«***Lfc/<iUXU— tf*OB*jfilt«»MI=BB4 

$IHE*px»ai«ia)rt»o0fa<ofiBi=**5-fr-6fc«f)© 
BBB»«Ai=«it«meiDXMBfta}«»nBnBa> 
f-n-fcy, 

ffTEmMOTficS ^ ME U— tf 3fcBA^ 6 diSt 4 titz/ VUX 

u— 1f^tA<fi^Eft]x>5f^!|^^lcAl^■r§AStB7!l^e.«frEl*^ 

**ii/<;ux u— !f*l=»-r*»Elnx»B1lia>B«» 

HilE3l5fc#fB:l::<fc y *Lfc/<jUX U— *f%o>m%£k 
^MEAStffilc^t>1i--5)a>l=i^3l'5:B5EJi^^ll-i3l+ 
ftttCttxttftBOBOttttMBttftO?*-* «B»f 
*B**«i. 

BBEB¥BI= J: yE»**ifcl«Et»»*Bl©f- 
•S'&t/ME;1S##SlcJ: y *4xfc«!rEfl6©fi»M» 
BfiiOT— 9 !=£-3^TlME2ax*HMi$ttBB^£A 

fttiiu- ifinxsgB. 

beu— if*Bj^.6ja»**ifc/<;ux u— 

<Btr-?/«'7— ffiffiA<1 x 1 o 8 (W/craZ) milc^C-SJ: 
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<&<as $■ i5se»ix^^!fei<o mj+wmmto -eistR-r * ?s 

£fitx.-5U— tfttJXgg,, 

[o O 0 1 ] 10 
CSeSHOTS-f -Sftfflttlf] **IHI±. ¥«t*:*mgffi. 

u-if Anx^jfe&i/u— ifjiinxSSlcBl^-^,,, 

[0002] 

i=. itaxMti^iaiix-r-sjSfirou-ifjt^rastL, u 
— VftmiRibiizA. y«w^£@fi>ri::fc^T*Qx*t£M$!i<D 
affi*^b«ffiicip]itTft]^fgi84*jtff*-a-rAnx«^ 20 
£«»rr-5. LA* L. ci(D^-ci*Jinx*f#i1^(D^ffi© 

r, Jtax^gi^iii^^x/xwii^. x/\o 

[O O O 3] 

[*IB*<»3tL«fc 5 i ■#•*»■]. *lX*t^!felW^S(D5§ 
■ttteJh-r****: LT, fiflxlf . 4fg§2 o o 0-2 1 
9 52 8^«l^gB20 0 0-1 54 67^ffilZgg 

[0004] Li*U c^e,flj^aia)«IBi^5£T-li. An 
x»*fti=£c«iMr*i*t**i.«£. *nx*tft«joi)«ffi 

<!:A<fc-5„ tot'. -*i€,<0«l«f**T?l4fllffi«]»r*-r 

jSAS^B mm £ #5 * iffi*>K*i/ - > a< 

to 00 5] *SE^roeMi±, ttx$t*«0*aii=7« 
ln u— <ttnx£ft&tf-u— tftaxgA £ ««-r « c t -o 

50 



[O O O 6] 

^Jfeli. U-1f3te<7m3fejS£JtoX>PftiB!i<DU-- *fft<DA 
»ffi*aLX3taX»*ttfl)rtaBI=^*)1i-^oJinx»JR«l 

roj|E^:&flicfc^TJi:.*<&3ittOT{aM«fc y ASJffiiciSi* 

tt*XI*&l*ttai=a*LT. jtaxMftttlzU— 

aiw*=£i=.fcy, *nx»a«B©«iK^7-f 

oT*axtt*4tol*tfl=*%TO4Xf=J:«tta«J*eK 

[OO 0 7] U— tfaoXSai^-fctltf, UD 
X^tl^OTMailZ^^^ ^-H-T U— tFjt^RgSt 
o*3t^-?RiRi^?iSft**iJffl-r*wi:lc«fcy, Jni» 
**0)l*i»l=*IHi«*»J«L-Ct^4. *nx*t*fc©«J 
K*-*aiJrl=ffl&*«>fijft*«**i:. *IX*tM*J£lk 

£U-1f*DX;&;£lz,fc;Klf.. afeH^m^e^tLTWBf 
*JE5W':w::raoTJtax»**j^ft* = ±:i::j:y. m 
X*f £W»r-f -5 C i: ^ -5 „ i^T, IfcMMih* 
^7Jt?*ax«^*«JBfr-Sc:i:A«-c*4roT?. Jraxst 

a££««c£tt<laxtt*«^ti)W^a&a:&. * 

WKTJe^-T >l*mxS*ft8)©*H-£rt»|::HIBl::g|jfr 

[000 8] *fc. *fESBir«4u— tfjDx^izj:4x 
If. fcX»*1fc<DI*ffllzSBrMI::£*TKiDl£#5ife*^ 

-eiiu— ■9 s 3tA<i$tA/<t*fla«i**u'Ei:^©-c ftix&*lfe 
<03BS*<*ltt-r-Scttt3Ei:tN„ JiL-hOTC ,hlf erFfcifttpi 

[OOO 9] 4cft«l=fiR«U-1f&IX«aclcJ:4i 
If. U— y ! ^;fl5m3t^^JlDX>^^COJ?^|Sll^fct^T 

ft«J«(±ftix*tftife«>i»i*<f>«>A4ta (dxffaffi) « 

««l±Hnx»jR«B<0rtaJ(t3<DAatffii:«lRl-r*ffi («*. 

^iax«m^<o*®XJf Sffii^^ 1: tmx»jM(i 

*lff . 3fcH«*£»XjtfJfctt©l*&*©affiflyxi±ffiB 

Sai=*nx»ft«j*«Bfr*Ci:A<-C#*. 
[001 o] *SgfJBlzGi-& u— "fJnx^istN-c. Alt 

— *A<««**tTfcy. *DX*JSl«ilc|BSt**i4U— tf 
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■c^-5«^. m^7 ; /^'rxtf<osm*ii--5c<tni:<«]Bf 

^isncfci^rss i xgicfcit* u— tfjtOTjgjtfitgi:^ 
*-5fi:S^laix«^!teifl)rtgpic^-a--cl!nx^^ilc u 
— *f3fe^Sglt-r-5Ci:lcJ;y. Jjax^^OTflfero^JBT^ 
X-jftoTinxS^OTrtgplc^jt^-iRJttlr J; & 

I21gt. ^iCt^Slit^ 20 

[ooi 1] **bjiz«^u— yajx^jiicfctii^ in 
[0 0 12] *f|BJ|Z^*U— »fJinx^i£icfcL>-c. flk 

^u^+FafeA^SfHUi-^ysta^^^ctiifturo 30 
[0013] ja±ittiBLfc*fEiBi3«^u— tfjnx^a 

l;liUlT<D®«A<fc-5o *!XS4Si!iai-U-1f3fe*^St-r 

A<1 x 1 o 8 (W/cm 2 ) JJl±-efcoT/t;uxi|gj!i<l j/siy. 
T&-r« = ia:i:*MM>MVi=9?y9«it 

«. jnx^ii^Kowep-eii^TisiiRic.t^^Msm 

£l*91I*AtJK£-r«. -<D3fe^Mfi«l=*y»IX»Sl 
e-^/W— ffiKil*. /<JUXU— *f%<Dm%M. 

[00 1 4] axaaiaicu— «f 

8 <W/an 2 ) m±T?&oT/<;UXlSA<1 

iicfcy, *nx»aia«)rtfipi=?6ttffiafi«*$itaH 



roins&i-j; yiDx»si«B©rtSPi=?g|»ffia««A^«;* 

fiS. C(7)jgl»«13a^lgEI±-hfiBgStM^t|£(D-fill-C?fc-5. 

[00 1 5] mi»ft*i=u— 
u— ^rom^i-feitse— sg*<i x 1 o 

» (W/cm 2 ) 1ilJiT?&oT/^UXiieA<1nsKlTi:-r^Ci: 
let y . AixM*tta}n«l=B8fWKfl: LfefVTeft 

^JmxttSll&OTrtgPlcjgC *%?«4Kl::J:* 
x^;u^-«tftx*jU^-l=Cfls«n=« J0X*ffi*&i<D 

to &mfflzitii<&& * *iTB8r*£<b«i* & z ti 

-5. c©H«**fcW«l*±E**«*«>-«-Cfc*. 
d©u— tftax^&OTJtaxttSi&i: LTl*, «;Ui. # 

[o o 1 6] inix»*«Bi=ffgst**i*u— ifjt<D**jS 
AatB*t&i*i8£-c<DElK£U £c>BJSt£ftixStft18i 

-r-sctiz.fcy. J5^*ieiicfci*atax*a*i&<0ffitttt 

f£if)£<&ir-*£;1iJf^*;1tJf:x*l<t, JmxttfifelcSB 
It**.* U— *f1t<r>m%&?: KMW\z.i*Lm.-£ikZ><n\-& 
S3SJ?^tqll=fcl+*ftlX»jfc1ft<Dfl&<J!)ffl»B<|»Hl«<0 

^-^SjHS-r-Sflfetosssxsi:. fferofa^w^iiiMro 
t-$ l=»'^i*Tinx»*1fcfcJ»*3SfiH=f8»MI=»«i 
*«*BiSt, f£l!>xgSL ffi*}i<)»iIfl)f-$ 
i=»-5t%r»x»jWiit»*3SBi=ffi»Mi=*»*-a-* 
teffl^SiIt. £^t,-«fc 3 eft 

l=«fc*Ui. *nX»ft«B©i5**lRll=J3lt* U— tfjtOTS 
SfejSNDtfcS*. A3*®£g^.t LTflDX*ffl1$!l<7>rtgpa> 

-5,*^. ftix»mtei<OJ?^iaiicj3it^iinxjEffi^(7>ffl 
»MfMtt*&ttxtt»fal=!EMt&4i« U— IfjfelcSfr* 
JnxSta«KOB»r*i:<oaA<AStDlA^ U-ifjtOT^jfe 
&$-C0EM£tt«. i^T, ASfffiA^&mx^aft© 

Htzftttto&9bm.tzi+)saJL*itgL.®iZ&®£i£HiZ. u- 
if%0ft%««ftixttil*<oV^i4l=£it«Bffla}ffi 

[001 7] **h^ic^^u— ffinx^gii. /^ux« 
A< 1 sJSLTffl/^UX. U— U— tf 3fe31 

0)\£-<7/<D-®m.tf1 x 1 o 8 (W/cm 2 ) JSL±l=ft<5«fc 
5lc/<;uxu— !fft*l6ft^-4l63t¥ai. ttx^fttt 
(DWBf^S^-f >lcjao-cmit¥SlcJ: yfR3te**lfc/< 
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*ni=feit*lnx»jWfca)«»MW«i*a) 5 s -* -eft 

if «mi»*ft©Btf*i?Hrt- S c i: 1= J: y f» 
^^ic^tjm^^Hfc/^X U-+f 5fc(7>Jfl*; A £ AS* 

tofi^wsiiof-^ ^aw-rssta^fai: % . sett 
^sic * y eta * *fc*g*f *jf£i!)S<& * xi/>n^ 

[oo 1 a] vanxantt. /< 

StA^tf-^/*'?— S£tf 1 x 1 o« (W/cni2) fcLhirft 

■*«fc5ic/^uxu— tf«£»*-r 20 
isizj: y***nfc/<;uxu— if*a>**jaLftJiix»* 

/*;ux u-if Sfe(D*3fe^a)fl[iB*jnxs* jfc««)ff^a>tt 

[00,1 9] C*lt>(D**ffllC«*U— tftaX^glCj; 
tilt % ±E**Wlc«4L/— lflnx*fti:H«a>3iafz 

*y. tox»«*a>*ffircj»»^«K*3B^-f 
*it-^S^fOtt^^*i±^z < t(D^^u— -tfirax 30 
lax»fttt<Drt»icfct\rJnx»ft«ia)*^fiiic 

ttxtfwtt^tts. 

[0 0 2 0] 

[xnasgffiajgffi] bit* *«wa>»aft3ifi^®^ 

TflR«lco^T«*lzlttWr*. 40 

[00 2 1] «»0)flftJ|X(D/<>K^^^EQj:y t*^ 
<Dx^^-hi/2!i</h*^t**ttlzaffli:<f:*o <fco 
T\ *f»lc*JRa6t*i:**fW*hy>EG-e** Q Ltf 

-r^<b:nhv>EG(7)^fr (n=2. 3, 4, - - • "Cft 

j§o)e-^/^-s@ (w/cm2) -ea*y. «5ctfe— 

^/^-MEtf 1 x 1 08 (W/cm2) isUKDjftfr-ejt*^ 

Mtf±i:ft. e— (**iaicfeit* so 



U— +f3fe^1/^UX^fcy<7)3:^;u^— ) (U— If* 

**Aa>B#aS (W/cra2) T»fc*« Q 
[0 0 2 2] ca>«fed*^ft^-«4R*«ffl"r**jtJfi» 

u— +fmjL<DMm\z.-oi\xm i ~b 6 *jsi*t 
I&JB-r£o Hittu— 1fJ!inx4»fl!)lnx»jfcttia)^ffiH 
■eft y . B 2 (*h i \ZTjk-? joxsfta i a> 1 1 - 1 1 Mizft 
ofcKffiH-efty. B3i*u— i«nx«(DinxsttMJM 

(D^FS^-Cft IJ.-H4 f£B 3 iC^-J-ftXttMfe 1 0) IV— 
IV«lz»ofc»fB5H-Cfcy. B 5 li@ 3 ic^-rtax^gt 

*ia)V-viiic»-3fcKDBB-efty. iew^fc 

[0 0 2 3] B 1 M2C^tJ: 51^. AjX^M 1 
<D*ffi3f::l«0»H^^-<:/5tfft<6. AJBrFS^-O 

— Wnxi*, *3fc^»iR3&^i:*ft#T?lnx»*»ia) 
rtaizlll*AP£^;bi*T u— If #L*inx»»ft i icra 

itu>mit Lfcttufo) :^^o 

[0 0 2 4] U-if*L*WBT^^-f>5IC;ftoT 

tf «DK7£7 -f > 5 Izj&o T*ox*«Mfc 1 a>rt»lc<D* 
^j3E**l*. «XIK)»lRlcflE« u-if ttx^fta. Aax 
»M 1 tf U— -tf *L*«JDrt-« dtfcj: y InxttMfe 
i $*»*trsi«*7 SJB*t4©t?iift^, tax 
»*«3 1 \z if 3B.**aSi*aDX»fttti i op^gpfr 

ot, ipx»*«ia)affi3-ettu— if^LtfistA/^ 

[0025] lnx»fttt i 0«)»Ticfct>r . «)W*r 
Hrlcfijfttf fc«£2ax»HMft i tt«a>iBAtf &iin«a> 
r% B6r^-r*5icifct(iM/h*«:*-eftix»*»i «■ 
«wr*cttfT?#«o cfcor. iniMMio«g3 

[0026] &fc\ akK«««SjB^Lfejax»M(o 

fi£S. JPX»**l=A»Mtt*itfWlB**L*c4:lzJ: 
y. aK«*£fiAiLTmx»ftfctf»|i. Jtax»^ 
fetf^Kr^tL^li^r-fc^o Ctutt. IMiLaAlxHM 
a>W^tf*#iMt*a>«]Bf-efc*« A^M^^tfBPAn^ 
^^.bii. anx»*»a>«Br^S^-r>i=»o 

T^X^^|cffilfj£^^i±^^^|^jtaxfcy. lox 

y-r-*citT?ft*. mco—Dit. <&nf&®£tetfL-tz>z. 

irl^cfcy. QkH«««eA£:Lrttlx»ft*a)ffiB%n 
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SUSP * l fcffitfOT* ,£ iJBf-r & c £ A<T? # -5 <0 
-e. 8ieK£*(lffliJ:<-t -5:: ifi*. ->'J=J> 

^x/\Sf<0^3?i*:^x/\(Dj?*l±»< J&r^<g|Sllrfe4<D 10 

■5. 

[0 0 2 7] St. ^HJfi^lCfcL^r^jt^-qRilXlCj; 
yft*j£**i.aaMSIi3<tLT. *<D (1) ~ (3) *<fc 

■5. 

(1) *K«J**t— 3Xli«»©5 7-^ftW7^ 

^.[***?X-VLiTa03^t,J5:4EEm*t^) rortaUfcm5fej5 
££*7-fr-C\ m3fe^lc*JI+^mif-3iSA<1 x i o8 (W/c 

«fcy*nxM^©rtgpi-»t>-r^-A^e**v. c*ti-«k 
yaxa^<owepir^^-y^^igE^j«**ts„ nm- 

ltJ£<D±Efil£: 1 x 1 012 (W/cnvO "C 

fc&o /<;UX*gl*0l|jtl£lns~2 0 0ns7W£Ll>„ * 

54 5[HlU— tfSfttoxef^liXm (1 998*. 12 
fl)f2 3l~S2 8lffl r@«:u— if-i^iijKlC«t 
«#7.X*S0!>l*]A-7— lcfB«*tir^-5)„ 
[0 0 2 8] t#SS«t^77^<D^J 

(A) 1Xi3L-ft&.1fo : /U\sV<?* **^^. 
(J?*7 0 0//IJ1) 

(B) L if 

Stag : tfESgNdiYAGU-if 40 

iKfi : 1 0 6 4 ran 

U— tf&Xtfy KBftMl : 3 . 1 4 x 1 o-8 cm* 

»y£U3&K : 1 OOkHz 
/<;u^.iie : 3 Ons 
til* : di73< lraJ//t;u^. 
U— tfJtSa : TEMoo 
m%®& : BflMB ft 

l — -tf7tSiSlr«r-5S^ : 6 0/<- tr>h 50 



(0) mmanLmmm^ti^mm^oummm. ■. i o 

Omm/lfc 

1f3tp D pHA<TEMooi:l*. U— tf 
[0 0 2 9] @7li±fiH^g5fl)S^^-r-^^7T-fe 

•5. /^uxcdu— tfjfeic^yinx^^rtSB 

•5. ^^^roHJtLT-^-r^r-^lilflJtfflUVX (C) 
<0<S^*<1 OOfg. §*]□» (NA) *<0. 8 0(D«^t-ft 

(C) fl)fg^<5 0<g. gfiPa (NA) A<0. 5 5<Dig£r 
TrfcSo tf— */<«5-*fltt<1 0'1 (W/an2) H@^e> 

ftix^^rortasiz^^-y^^/K-y hA<3&£u e— * 

[0.0 3 0] U— IfJtaXl::*;^ 

•27v^^«llS^fiElcJ;^liaxS4il!^fl>«]Bi©y Tjn 
Xi*l-our0 8~gl 1 1 £fBl*Tifcl8-f -5. 0 8lz* 
-f<fc5i=. ^ife^KiKA^c-S^frr'Jnx^fi^ii (Dpi 
BPic^jt^p^^-a-cu— tf3teL^*nx«ii.fei 1 dBSSt 

trtBW-c o ® 9 ic^t-r <fc 7 1~ ? ^ v v m& 9 £ 

£ L "C ? ^ -V I:: JilifiU i1 0lz^-r*7lc-5' 
7^^A<ADX^ife)1©Sffi3i:affi2 E! 
i i iz^-r <fc 7 i-ttixJ4^ i tfmti&z: <t i-<fc y iax 

1 6<«J«f **l-5. *DX^fi#i(OaSi:Sffilziim 

[ o o 3 1 ] ( 2 ) afes^nE*<}tiaffls^ia<Dia^ 

5iSA<1 x i o 8 (W/cm2) &i±X'fr~D/<)l,*igt><1 us 

KiT©^#-c?Bglt-r-5. c*ti^<fcy*nx^^a>rtgptt 
y*DX*fglfei<Ortg|JI=j§!afliSfI^fefiE*4i-l3. 

fc«atu5cttT-§5. -3*y. misa^ 



(7) 



^882002-192371 



ffi^LTIi. <$y*l;f 1 x 1 o^2 (W/cm2) -efe^o 
XflgliflixJ* 1 ns~ 2 O Ons;Wff£ Ll> 0 
[0032] *&B1*I±. y'Jn>^i/\0)^M 

(A) Anxttfett : *>»J3>Oi/\ (J»*3 5 0p, * 
§4Y>f) 10 

(B) tf 

3fe|g : 4£#{* U— »f B jBNd : YAG U— If 
2£fi : 1 O 6 4nm 

U— ifftXTK^ h»?S*g : 3. 14X10-«CII12 

iyiLM»: 1 0 0kHz 
/<;UX^ : 3 Ons 

U-tf*n a pft : TEMoo 

: mmmft 20 
: soft 

NA : O . 5 5 

If : 6 0/<-b>f 

(D) jtax»»a*<tta$*t^«6a^(o«iiiiss : 1 0 

Oram/8? 

[00 3 3] si 2 ii±!S3H<t-e0> u— ifAnxiZcfcy^] 
«1 3#»jatS4vci*«. fcfc\ ±Eft»CJ:VMjl 30 
[0 0 3 4] SKAimi 3*<^*T«ttf=J:y»* 

U3>SS(Dg^5 0^ 100//m, 2OO//0U 
5 00pnu 1 0 0 0//m<D*/?(::oi\T±SeH&£^L 
fr 0 40 
[0 0 3 5] Nd:YAGU— tf.0>afi*T?fc* 1 0 6 

■ 4rm|z£lvc % v 'J 3 >S«0)J5*«b< 5 OO/umJiTFCD 

i/ya>»«©rt»-ci*u— if*aW8o%a±a 

ia-r^-t^^^o @1 2lC7Kt*^> , J=3>'t7x/\1 1 

0>m£\*3 5 0)um-efc^(D-C. *ftT-flRft(C«fe*»tt 
&3iSIiSfc tt v 1 J a > O x / \0) tp ifctfifi % o^ijaa^b 
1 7 5 A/ma)a5^(z^iS*4x^o -(Dig^OSia^li. 
J? $2 0 0/im<0*>y ^v^x/x^^ic-r^iu 9 0 
%1^±^(DT?. if3t*<v'J 3>Oxy\1 KDrtg^T? 



(o^tj u-if%icj:«a#a)Ai»r»iiftffl9««^ 

l£) *;hfc*,a>-(?l«j:<* J»MaSWtti^»%?-tt4K(c 
f 66$ (2000^4^) 0)17 21^7 310) 

r t°=3 &v<;ux u— if ic j: & i> y a ><z>j!iDX$#tel¥ <ffij 

[0 0 3 6] fcfc. *>y=3>^x/Mi. &!HffiS«Htt$ 
fij»i:LTBfffiSlPllcfi|3b^oTi!l*LS«**-a-. 

*l*< v y =i isf? 3L/\<D&m t Sffiiziija-r * - £ * 

mow** &«*uw*«-rs»*«> 5 < ± t i^-r 
inx»it*a)rt»ic»»»a*ait»«-r«»* % to®? 

[0037] ( 3 ) 3cfttttt*<nft*KfcttJ*a> 
u-1f3fc£*nx*f&«a (ffilxtftf^x) cofcgflfclfift^ 

^b-a-c* »*jaicfeit*«#a*36<i x i 08 cw/c 

m2) JilJir^o/<;ux$§A<1 nsUlTCD^trRBItf ^>o 

/<;uxig£«tf>T$a< Lr. ££?4Mx«lnxttttfea> 
x*;u^f-(cK^bl±-rfc. irax«^<7)i^a5lz(i>r^-> 

HtttLTtt. «*.f*1 x 1 0^2 (W/cm2) x+&Z> 0 /< 
;UX$g(*flj*_l;f 1 ns^T*<»* L < . 1 psfcJLT**;* £ fc 

m*-i£. m*2®is— tfSa*nx^3£^liS:$ (1997 

1 Oil 05l~g1 1 110) r^xAK8? 

U-1f-»»rcJ:**f^xn»^<D»»iB«IJft»Jjtj 

H^HJ^^3t^qRilXlr: < i:y^LT^^o fit, *H 
Jfi^^(*Jtox«^0j?^rS][cfc(t^ u-if ftomit 
^(DfiM^iiSS-r^c^ic^y. Uax«^a)g:^[S] 
i^fc it ^^MM^ea mm l r t^s. 

[0 0 3 8] CCDttBtflWI^O^T^^^^filtt^filllC 

K^^-^o Si 4i* v **l6»l8izflt«u-ifttx*a 
**jaf«nx»*»ia>/^'xu— if5H.a)*ffl (AS* 
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^^^sicjGo r ftix*tti$) 1 ic/ tjv* ym 

[0039]@15li@14 IC^-T flDX**^ 1 <B§P# 

^bS!3WSl2 1C:AI-j"C97?.9 9 i#a«U^ 
ffilLtl^^o $^$«J*9£anx*MMJfl1 <Dm.ftJ5 

«x.(f^x«^io)ff^M:^M*#LNii^. g 

^Icfltg-f 5^^9 1 <bS@3 (812 1) tCDffi 

3£g£«J#LTi>£ 0 «or. u-+fanx$tT&fc*ax 

*ti^ i <7>«jKrxg£fr7«^ 2axttMM>">Ky 

[0040] il6(ii1 4£l^ttic*£ffij&fi|::tt« 

u— ifjnx*afesfflt>r»rt**tfc^^y^«i«9** 
tapxw** 1 ©ftaatft*. 01 eicss-r*^? 

»^*fiIf^j3L^T«^CD*»a)fi:«J:Uaffi (Alt®) 

9 liioisj* 1 (Drt$p*a)as 3 mizmjati 
£<, 0 1 7i*iui 6ir*-rinxa**ia>ffl»KffiH-e 

■e. g&izjfc^-f 9 1 i*a®3Xfi^0ifi^ 

[0041] &\z % inxMsa 1 amm 3 izm^T/ w 

9 £ 3 ttifilzJBjS-j- £ . *I8M 1 <7)^3erfcfc 

affi3&tf»flB2 i^rarcnBftS-erSz^iZcfey, jtax 

fc^o ^^^^««9i:«ffi3(3!)EIBIA<tt«MftL^. 
/Wx*MMM-*.. $5**««9*aB3ttiKl::» 

ttt«c«. «u «ffi3fzifirsr««Hffc^9v^«* 



9 t»fiE"r*t^^!y^ffl«9]6<«ffi3|c^a**L-B. 
[0 0 4 2] ftfc. 1f3feL<D£3fcj§£*DX*t 

1 ow^AiRircfeL^r J»^a>*#a)ffiKcfc y as 3 
iciSi^fifilziBffi l T * 5 *v <7 «« 9 att 
■e#*. -<oig^\ ^5^*««9ttinx»*ttia)rt 

gP*a)S®2 1 «lC»figS*L*. 0 1 8ltBl 4<hl5]4§ 

*77*<W9Mt?*i>ttii ©»aart4. @ 

1 8IZ3i*rXtt*lSa>*^!y*«J*9(** /^U-f 

5fcLa>*#jS£inx»aMa i (Dfl[^*iaiicfci^TJ5^a) 
¥#0>ttflt£yftB (Alt®) 3^&JkL^ttttrzHMrL 

*9i*, «*jas«^«>*»a)tt«cfcy*ffi3"icift^fi 

1*4. 

20 [0043] iraxMfei^«x.WS»:^x/\(DS 

-y^««9*»^ttrc^ja**L. ta^tta*^*** 

y*««9fcm*fiia>^7!y*«*93&<tt»i=lnx» 
«tti<D«**fiiicfeit*tt«3&^i:-cft4t. xia^ 

Xtt»fiia)«JKffi^Ytt*|pI<D«IKffii: 

tttSW!fttUDiJ»*i i.co||«(i:«||KtfM(f 6ii 
4. 

[0 0 4 4] Z;ftfZ*tLT\ 01 8lc^-f £51^ *ax 
9iDffi«tY|**|p|a)<7 : 7^^«lg!9a)fi«i:S»a6 

itzk. m*ft<D<?^v<?m&9km*ftQ><? = 7v? 

**9itfM*-4<D*ISC::itf*#4. cfcoT. An 

[0045] mtttov^vtwtvaxfmis 
40 .fiio*^v^«tti9a)3ftflki=»rtS*L*^^'y^«« 

9*5felc»**4ifc^9^^«*9j:y*«BB (Alt 

m 3fflfz^-r*a)^»*L^. 

^^««9SftfC»fiE**t*^^^^««9 < fcy tSffi 

2i«ic»a-r*t % xtt*iqi(DWBf®i:Ytt^ffi]a)«iBf 

4^7 ^ v 0 WtL 9 ^fiEttlcBBSt **i«/<;ux U— tfifeL 

^5fefc»a**Lfc-^5^^««9i=j:yfta**i*a c 

50 M^flcff^^tL^ep^O^^rcli^o^^C^o «*: 
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[0046] cnfc^ur. mzi&tfLt$iixz><7=7v<7<& 

is* 9 £9t\zmtfL£tiZ>0 ^ v ^fUs*9 £ y ^a® 3 ffljlz 

v * mm 9 * - 1 tfx- * 

[0047] ^mwLtz&^iz^ *mmmmz±H 

tf. iraxS4^0)J?^fa]ict5it^u— if*<am3te£a> 
it«Mm0ttlt«Mt»«. tax*JM<DJ5S*> 

WM^^jSLT^^coeg^^^^ctiCcfcy. ad 

x»**lcjt Cfe U-if JraxA<nlfte<t £o 
COO 4 8] fcfc. *R««<Dffi«W«IA<T?#*Z£l^ 

7UX U-if*lzoi*T8MP! Lfc#* XttK U-if3fclco 

— ifJnxSSBicp^Tttwr*. 11 9l*c<ou— ifjta 
Xgi 1 0 0<D«fBS«fi6HT*fc^o L>— tfADXSS 1 O 20 

oi*. u-if #L£ u— if AS i oit, u- 

if *L(Dai^^/<;ux®^^isffi-r^/r«)fz u— if^n 
1 o r u— if 3fe3g©I®aJ io2t, u— ifste 

La>k»*ffi*#L^ou— ^ >fM.<»%M <r> iaj££9 o° 
£*£<fc5lcIEg£;Kfc^^P*<^ ==^— 1 o 3 

y-f^P-f^S^— 1 O 3T*Slt$tlfcU— if# 
L^m5t-r4^3fefflU>Xl 0 5t. O 

5 -emA^^xfc u— if 3ftL36<lMt*ii«Jnx»»«i i 
*Eg£*L£i&M£ 1 o 7 <t. «g£ 1 o 7 ^Xlft^fSiiz 

»»*1*Sfctf)a)XttlX^-v1 0 9fc. iBSl 07 30 

f-yl 1 1 81^1 O 7 «30MAtfY«|»Mf=KX 

^4l£HO<DXT-— 2/ 10 9,111,11 3CD&H)£ffl 

[0049] U— If 1 O 1 (*/<VUX u— if 
-T4Nd:YAGU— ifrfc^o U— if *S5 1 O 1 Icfflt^c 
t^t-SU- if£LT. CKDffe. Nd:YV04U-Hf^Nd: 
YLFU— if ^*>i^^T-rrU-if <7=rv<? 
, ««^J»lta3B«it«»tt-r«i|«. Nd:YAGU-if. N 40 
d:YV04U-if. Nd:YLFU-if£^£<7>a<»®T-fc£ 0 

if*Bi**<DjWffB-cfc*. flufeAPaxooMafiias 

iPX»ft«1 SX(Y)«IX-t— vl 0 9 (111) 
l^^yxOOH^BlzBM^SztlCcfcyff^. 
Bf*anx»jRljsia)affi3tiI3E-r**fii<co!>-c. tax 

»tt 1 ICAW-T* U-1f*L(D«jfl[«*a)3&Bl^tt 
5o <tot, Z«Xf-vl'l 3£Ztt*filf::»M*1** 

ctfzcfcy. mxa»ttia)rtfflicu— if5tLa>*3fcjap 

S^t5Ci:)&<t-*4o o*y. ZttXf-51 1 3 50 



ic^ yjnxttfttt i a>j»^*iBiiz*5it-&**jaip<Dea 
/)<iSffly*n^ 0 cnic^y. ^3t^p*jtax^ 
i a>«[^*RiicteL^r Jf^<a^#tf){iM«j: y Alt® 
(a® 3) fzjSL^ttax(*jfii^fl[«fcBttLfcy. m-fr 

0>B§*»<DttltlzB«Lfcy-r*Ci:3b<-e#« o fcfc. 
M^L/>X1 0 5*ZI4*ftlc»iIi*1*«Zi:lzJ:-3 

rt, z*it,<DB«irc>u— if %o>Wl%& Slinx»*tta) 
w»ic*:bi±*^±:3&<-o** 0 *«M-cr*inx 

x i o 5«iD2«iM i o>»**flic»ia-j-s»**t* 

£<DT% IDZNM 1 0)«^*lRllC*5(t*aiX»jMB 1 

[ooso] :zr% 2ttxf~yici:§toiMia) 
«^*Rlfwj3i+4JH**Pa)ffl1ia)BIBI-oi^TH 2 o 
&1/B2 i ftfflivcttwr*. *Xffi&lft-ettlBXH* 
tt<D«^.*iPiicfcit-6u— if*a)*3tejaa)fit«*. tax 
a**o>affi (Alt®) L-cinx»*tta>rt» 
oimm<D&WL\zmwi ur^i. H2oi±u— ifateLa)* 

*jSP35<iDX»jfc«B 1 <7>a® 3 Lt L*«ft||« ^ 

u>Xi o5izflitrz*gi&£i*£,t. m*£Pl±^®3 
3^6inx»**i©rt»i=»«i-r*. mafcAPoinxw 

ftttl a)rt»irfc(t«»»«(*NzTffe* (N(iU-if3feL 
ic»-r*iinx»fttt 1 ©HSr*"Cfc*) o £oT. 
1f*Llz»r44nx»** 1 <7)®&f**#JtLTZ$ax^ 

— cilery % lnxatfttti 0>J**£A 
fcJ3i+***jftPa)ttB**«lp-r*c43&«Tf** D o.* 
y . *3fejSPa>inx»fti* i a>J»*:&ffiicfci+*Sra<D 
{£®£a® (Alt®) 3*x&liPXMft«aia)rt«*-C(D 

SiSt (Nz) <b:^4o COffigi (Nz) £±iEJS&f¥ (N) 
Tf»-r*ztlc < fcy^t>*L/c»»fl: (z) JtaxJt 

Mi *v»MK=»n«tf«. ettfe^y. ±&mm 
*'0)tt«ic**jfliP***i-**ci:3&«T?** o u-ifirax 
S11 ooii*t>lc. CBS1 0 7|ciE«**Lfclnx.a 

m i *Fr«ft«i=* y«wr*fc*rcRraft«t*± 

■r*«»ffl*J|[1 1 y-<^P-f ^S5-1 0 3 

&r/m5fefflU>Xl o 5 bmC$M±\zEM2tLtz*f1St 
jtm<D\£—J*X?V<y* 1 1 9^. e-Ax 
U/^ 1 1 9i«*fflU>Xl O 5<tO)r B 1lcy^>7P 
-f7*35- 1 0 336<EB**tTL^*. tf— AX^'J^ 

^i i9i*. Rra*jsa)^»*sstLsya)*»^2 

LfcRTa*«l*tf— AX^U^y* 1 1 9 -eiS*»3StS«t 
[0051] u— ifinx»«i oottS&ic. e— Ax 

19. y-f ^P-f 1 0 
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1 &ifle«u>x 1 2 3 &mx.z> 0 WL&m* 1 2 1 1 l 

TI*^xlfCCO(charge-coupled device) ^a<fc£ 0 
ttBrFS^ f > 5 ^ £#t;g® 3 £ ■« L pI8bfcfg<7) 

10 3. t-AX^'j7^ 1 1 9£3i&L. e«U>X 
1 2 3T-|g«£;KT&«iSHM 2 1 -elg«£;h,. JSS<x 

[0 0 5 2] U~1fJtaXS®1 OOtt^F^lC. JSfi*^ 
1 2 1 ^6a***lfcW»T— ^a^AAStt***^-- 

*dM»i2 5£. i/-iflDi8iioot«;i«it 

fi^-^fliggfll 2 5f*. g«ir-^^SlZLTtl^ffl 
1 7-C^±LfcpI«*a)||^^S3±|c^lJ: 
^fc^0)m^ir~-^*;1lg:-r^o CO)**-?— 
LTXf-vffl9»1 1 5^Z»Xf-v1 1 3£*£®) 
■«»-T*Ci:lz«fcy % pT^3fea>^^^®3[c^5<*:5 
ic-T^o cfcoT. SffeT— ^SftSSPI 2 5 1*:*-— H?* 

fCiig-r^ZttX^— it 1 1 3C0^glZfclNT. U— if 
3tL<Dmft&P*j&& 3 \z&W:-f&& 5 f= U— If JtaXgB 

££ni (Alt®) 3l=flt«*-fr*0)|c4««j:lpx»ft* 

0>Il«X-$ SSIt^p CCDH^r-^ li^ttMffilffi 
* 1 2 9lZS|f,4x^ 0 CsfclCj:^ =E~^ 1 2 9 1C&* 
[0 0 5 3] ±fttflMi-l 2 7 xf- V«(H88B 1 
/r— *3|jEl<A*U Cti^CDT-^tSlCUTU— if* 

IMM102, «S?JB3t3Sl 1 7Xtfx^— S*§J»» 
1 1 5*«»-r*^ifcj:y, u—trirax^si 0 o± 

ctoT. £{*««lflS-1 2 7lin>t°zL- 
*i-9htLt«l6t6. *fc. 1 2 7 

I*. 0 2O&IK0 2 1 TlftBJLfc^KlS (Z) <Dtt— * 

a^A*4*i.-Elt*#t*. £*MMVl 2 7 

I*, jtaxwafia 1 a>fl[^ifinzj3it*Jnx**»i*icD«a 

12 7. Xf- SWMM 1 5WZ«Xf-v1 1 3 

— if*a>«*jaa>tt«ttJinx»jfc*B 1 0){?<^(7)©Hi^-e 
Bia**i£o *lc Si 9&t/0 2 2^Ut, 

1f/inxSi£^lft^-r^>yci6(D^P— T-v— h-c* 

[0054] ttx»*Hiia)*««M»ttSH*L 



t^»*o!)u--if*Lt«±'r*u-if*ai o 1 £as£ 
-r * (s 1 o 1 ) 0 sKir. unx»jRtt 1 (dj? * ^sg^-r 

£ c «$(Dai£«ll&i;Aix»Mia)B«f4E«X(cL 
r. jtax»*tt 1 azttfiAomtti (z) 
(Si 03) o c*u*. u-if3feL<D«atiSPA<Anx»* 
^ 1 (Dftmz&mZi+Ztzthiz^ jtax*Jgtf$n a)g®3 
fcttn-r* u-tf*La>**jft***t Lfcanx»*» 
10 i a>z**isia>»»i*-cfc*. o*y. inx*MMjn<o 

co^kim (z) tt. mxajwfci <D*^fincfcit*m 

X»*tlKD«»M»«l«ID?-*©-«-Cft*. 3I*;J& 

P<D&Bi±iBix»*«ii<DJ5*. inxtDSdS (« 
[0055] Anx*tftf$g 1 £ if ImoL&m 1 0 O 0)® 

0 7tc«uE^-£ o fir, asiBftsn w^b 
20 wa**«±*i*Titox»**i ^kb^-t^ (si o 

5) o IHWS'tLfcWBrTe^YVSSdtlnxS**! 
©«I3SI«*^1 2 ilzj:y«4M-*. c<Bjg«T 

->lti»f-*fti«1 25(C&£>*l£ 0 C<B««T 

->l:*-JL^tItf->«lil 2 5ttlKfflX|i 
1 7(DWffi^m^^a®3|z{4®-r^J;5^m^f r — 
*S*JM-« (Si 07) o ca>*ftT— *i± % Anx*t 

[0 0 5 6] CKDfuS^— ^lixf- S?flM*i 1 5fC 
30 X^— 3?flMMRT 1 51*. -comjS^-^* 

SfcLTZ^X^-v 1 1 3S-Z$fi^|alCD^ifi^1±^ (S 
TO 9) o C*llZj:y % ttRfflftSU 1 7 0)pia*(0m 
ift^affl3|ztt«-r-B. Z«Xf-vl 1 3(DC0fil 
fCfeL\T. /<;UXU— if*LCD^5tiSPl±aS3(C{a©-r 
£Chl::£:£ 0 S®^r-^5aSaJl 2 5(*^«T 

— *i*±*M»ff 1 2 7^L«-* 1 2 9|zSb 
tt. ZtLfz^y^-^r 1 2 9lC^BJrF£v-f >5tfifi<D 
40 ffi^H«/»<a^^ti^o 

[O O 5 7] £f*ffiH8ffi1 2 7{Z(*^i6X J f^^ , Sl O 

3 T?*^*tLfc«^M^i6fi^-^/)<A±i **irfc y . 

-0)S«ifi7 s -*3&<A J r-y«qffiigB1 1 5lcK6*t*-. 
Xf-5«»P»1 1 5 liC^iif-^ ICS^^T. 

u— if*La>**^P3&<anx»jR«B 1 (DWffltftiffiB 

ZttXf-vl 1 3ic«ky'jpx»*llil SZtt^fSllz 
&®2i±Z> (Si 1 1) o u-if5fe^Sl O I7b>t, 

u— +f5teL**^*i*r. u— if*L^ *nx»*» 1 <os 

50 jAP(*AlX»at1ft 1 (DWSPMlltUSOt, 



